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According to their capacity to replicate in vitro, human immunodeficiency virus (HIV) isolates can be divided
into two major groups, rapid/high and slow/low. Rapid/high viruses can easily be transmitted to a variety of
cell lines of T-lymphoid (CEM, H9, and Jurkat) and monocytoid (U937) origin. In contrast, slow/low viruses
replicate transiently, if at all, in these cell lines. Except for a few isolates, the great majority of slow/low viruses
replicate in peripheral blood mononuclear cells and Jurkat-tatIII cells constitutively expressing the tatlIl gene
of HIV-1. The viruses able to replicate efficiently cause syncytium formation and are regularly isolated from
immunodeficient patients. Poorly replicating HIV isolates, often obtained from individuals with no or mild
disease, show syncytium formation and single-cell killing simultaneously or, with some isolates, cell killing only.

Human immunodeficiency virus (HIV) has been impli-
cated as the etiological agent of the acquired immunodefi-
ciency syndrome (AIDS). Immunodeficiency is at least in
part a result of depletion of the CD4 antigen-positive helper
subset of T lymphocytes. Since HIV has been shown to
preferentially replicate in and kill CD4-positive lymphocytes
in vitro (13), it has been suggested that a similar mechanism
may be responsible for immunodeficiency in vivo.
Genomic heterogeneity is a prominent characteristic of

HIV (4, 22). Restriction enzyme analysis of proviral DNA
has been used in most studies to establish the extent of
variability. It has been found that the gene encoding the
external envelope glycoprotein has the highest rate of ge-
netic change, 106-fold greater than that of most genes in
other DNA genomes (12). In line with this hypervariability of
the env gene, antibodies produced in humans to the major
envelope glycoprotein appear to be strain specific in virus
neutralization assays (21), although cross-reaction can also
be detected. The question arises to what extent the observed
genomic heterogeneity may lead to alterations in other
biological properties of the virus, such as the rate of repli-
cation, cytopathic effect, and tissue tropism.

Differences in the in vitro growth properties of different
HIV isolates have been described previously (3, 7; E. M.
Fenyo, Cancer Proc., in press). We found that the in vitro
replication potential of viruses seemed to correlate with the
clinical condition of the patient from whom the virus origi-
nated. Cultures from peripheral blood mononuclear cells
(PBMC) of patients with severe immunodeficiency (mostly
AIDS) yielded high reverse transcriptase (RT) activity in
culture fluids. In contrast, viruses isolated from HIV-in-
fected individuals with no or milder clinical symptoms,
mainly persistent generalized lymphadenopathy (PGL) grew
slowly in cultures of PBMC from these individuals. RT
activity usually remained low even after prolonged observa-
tion (6 weeks). Coculture of RT-positive PBMC derived
from AIDS patients with tumor cell lines of T-lymphoid and
monocytoid origin regularly yielded lines that continuously
produced virus, whereas similar cocultures with lympho-
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cytes from PGL patients only occasionally yielded stable
producer lines. In fact, the majority of cocultures of the
latter type remained virus negative or showed transient virus
replication only. We have therefore suggested that with
increasing time of infection, selection may occur in the
patient for virus variants that show increased growth poten-
tial in T-lymphoid and monocytoid cells (3). In the present
work we have characterized HIV isolates from 31 HIV
antibody-positive subjects for in vitro replication potential
and cytopathic effect after cell-free transmission to PBMC
and cell lines.

Virus has been isolated from 5 x 106 Ficoll-Isopaque-
separated PBMC or lymph node cells as described previ-
ously (3). The clinical status of subjects and the level of
T-helper cells (CD4+ cells) at the time of virus isolation are
presented in Table 1. Figure 1 shows the RT activity
detectable in lymphocyte cultures from 14 HIV antibody-
positive subjects, randomly selected from the 31 samples.
RT activity in 0.3% Triton X-100-disrupted high-speed pel-
lets of supernatant culture fluids was measured as described
previously (2). The six cultures shown in Fig. 1A exhibited
high RT activity within 2 weeks, whereas the eight cultures
shown in Fig. 1B either showed low activity for the entire
observation period or displayed higher RT activity only after
3 weeks. Viruses were therefore designated rapid/high and
slow/low, respectively. To test whether these viral replica-
tion patterns were characteristic of the particular virus
isolate rather than variations in culture conditions, we per-
formed repeated isolations from one patient in each category
at 3-month intervals. Within the limits of experimental
variation, each replication pattern, rapid/high or slow/low,
was reproducible for a particular patient (Fig. 2). Of the 31
HIV antibody-positive subjects, patients 1 to 23 yielded
slow/low virus, whereas patients 24 to 31 yielded rapid/high
virus (Table 1).

Cell-free supernatants of cultures of PBMC from patients
and containing various amounts of RT activity were trans-
ferred to phytohemagglutinin-stimulated PBMC from normal
blood donors (Fig. 3). All six rapid/high HIV isolates could
easily be transmitted, whereas not all the slow/low viruses
were able to replicate in PBMC. Successful transmission
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TABLE 1. Clinical status of the patients according to the Centers for Disease Control classification system for HIV infection (1986)"

Patient no. with following status:
Virus type

II Ill-a IV B III-b IVC-2 IVC-1 IV D

Slow/low 1-3 5-8, 10-17, 19, 20 4, 21 9, 18 22 23

Rapid/high 24, 26 25, 27 28, 29, 31 30

a Symbols: II, asymptomatic infection; III, PGL (III-a, PGL and CD4-positive cells at .250 x 106/liter; III-b, PGL and CD4-positive cells at <250 106/liter);
IV B, neurologic disease; IV C-1, secondary infectious diseases (opportunistic infection); IV C-2, other secondary infectious diseases (oral candidiasis); IV D,
secondary cancers (Kaposi sarcoma, lymphoma). Groups II, Illa, and IV B are associated with CD4-positive cells at .250 x 106/liter; groups III-b, IV C-2, IV
C-1, and IV D are associated with CD4-positive cells at <250 x 106/liter. Patients in groups IVC-1, IVC-2, and IV D suffered from AIDS.

was not simply dependent on the amount of virus, as
quantitated by RT activity. Some isolates replicated readily
with small inocula, whereas others did not, even if the RT
activity of the inoculum was increased 50-fold.
Two weeks after the infection of PBMC described above,

cocultures were initiated with CEM, H9, U937-16, Jurkat,
and Jurkat-tatIII cells (Table 2). CEM and H9 (15) are T
leukemia cell lines. Jurkat-tatIII was originally derived from
the Jurkat T cell line by transfection with the transactivator
gene, tatIII, of the human T-cell lymphotropic virus type
IIIB (HTLV-IIIB) isolate of HIV and, as a consequence,
shows constitutive expression of the transactivator protein
(16). U-937 is a monocytoid cell line originally obtained from
a histiocytic lymphoma (18). The clone 16 subline used in the
present study (U937-16) contains 95% CD4-positive cells and
can easily be infected with HTLV-IIIB (2). The Jurkat-tatIII
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cell line was selected for these experiments because, accord-
ing to our experience, it supports the replication of most of
the poorly replicating HIV isolates (1). On the basis of their
capacity to replicate in cell lines, slow/low viruses could be
subdivided into three groups. Group 1 viruses did not
replicate in PBMC or in any of the cell lines used. HIV
isolates belonging to group 2 could replicate in PBMC but
not in cell lines such as CEM, H9, Jurkat, or U937-16.
However, all nine isolates replicated in Jurkat-ta.!lI cells.
Slow/low viruses in group 3 replicated in PBMC as well as in
cell lines. However, only 1 to 2% ofCEM and U937-16 cells
expressed viral antigens. In contrast, cultures infected with
rapid/high viruses showed an efficient replication and 10 to
70% viral antigen-positive cells. Such viruses replicated
equally well in Jurkat-tatIll cells. The tat product is known
to play a crucial role in HIV replication (9). Successful
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FIG. 1. RT activity in patient PBMC cultures showing (A) the rapid/high pattern (patients 24, 26, 28, 29, 30, and 31) and (B) the slow/low
pattern (patients 6, 7, 8, 10, 12, 13, 15, and 17).
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FIG. 2. RT activity in PBMC cultures derived from patients 29 and 7.
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FIG. 3. Infection of 106 phytohemagglutinin-stimulated (PHA-P
[Difco Laboratories], 2.5 jig/ml for 3 days) PBMC from normal
blood donors with cell-free virus. The inoculum dose was quanti-
tated by RT activity. The figure shows the minimum amount of virus
used for successful infection (positive) or the maximum amount of
virus used that did not replicate (negative) during the 4-week
observation period. Each virus was tested two to six times. Viruses
were tested in a series of 10 to 22 isolates to minimize the
experimental variation due to differences in sensitivity to HIV
infection of PBMCs from different individuals (7, 10). At least two
rapid/high isolates were included in each series. Symbols: *, rapid/
high virus; 0, slow/low virus.

passage of many of the slow/low isolates in Jurkat-tatIII cells
suggests that if the transactivator protein is provided, the
efficiency of replication can be increased. Alternatively,
selection for transfected cells following the introduction of
the tatIII gene into the Jurkat cell line has also selected for
a cell clone particularly susceptible to HIV infection.
PBMC and Jurkat-tatIII cells were infected with cell-free

virus classified as rapid/high or slow/low according to their
replication patterns, and the cultures were observed for
cytopathic changes (Table 3). Two types of changes could be
observed: one involved predominantly syncytium formation
(Figure 4A), and the other involved cell death (Fig. 4B). It is
interesting that HIV isolates grouped according to replica-
tion potential also, in some cases; differed in their cytopathic
characteristics. Rapid/high viruses all formed syncytia. With
some of the isolates, syncytium formation was very pro-
nounced, and these cultures died unless fresh cells were
added. Cell lines that produced virus continuously could
regularly be established from these cultures. This type of
cytopathic effect could clearly be distinguished from cell
killing without syncytium formation, which was a character-
istic of some slow/low viruses. Cultures infected with these
viruses died in the absence (three of four isolates in group 1)
or presence (one of three isolates in group 3) of virus
replication. With this type of cell death, addition of fresh
cells could not save the cultures, as was the case with
syncytium formation. Seven slow/low virus isolates showed
a mixed type of cytopathic effect, inasmuch as syncytium
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TABLE 2. Cell-free transmission and replication patterns of HIV isolates in PBMC and different cell lines

Cocultivation of PBMC with:

Virustypea No. Successful CEM, H9, Jurkat, and/or U937 clone 16Virus type' tested transsmission of _____________________Jurkat-tat IIIfree virus to PBMC No. IF (no. RT positive)
RT positive (% positive cells)b

Slow/low
Group 1 4 0 0 0 0
Group 2 9 9 0 0 9
Group 3 4 4 4 4 (1-2%) 4

Rapid/high 6 6 6 6 (10-70%) 6

a Slow/low, group 1: patients 7, 9, 10, and 11; group 2: patients 6, 8, 12, 13, 17, 18, 19, 22, and 23; group 3: patients 5, 15, 16, and 21; rapid/high: patients 24,
25, 26, 29, 30, and 31.

b Indirect immunofluorescence (IF) assay was carried out on fixed cells with mouse monoclonal antibodies against the viral core proteins p24 and p15 (kindly
provided by M. Popovic) and fluorescein isothiocyanate-labeled rabbit anti-mouse immunoglobulin G (Dakopatts).

formation and degradation of individual cells could be ob-
served simultaneously in infected cultures. Heterogeneity
among HIV isolates with regard to cytopathic effect has been
reported from several laboratories (6, 7, 11, 14, 20). Dahl et
al. (6) have used a lymphoblastoid cell line immortalized by
Epstein-Barr virus to distinguish the capacity of various HIV
isolates to induce cytolysis or persistent infection. These
authors noted that the type of cytopathic effect-syncytium

TABLE 3. Cytopathic characteristics of the different isolates

CPE' at following day after infection: Virus
*replication in:

Virus isolate 7 147 14 ~~~~~~PBMC j
PBMC J-tatIII PBMC J-tatlII tatIII

Slow/low group 1
7 S S/D S S/D - -
9 - - - D - -

10 - - D D - -
11 - - D D - -

Slow/low group 2
6 - S S/D D + +
8 S S S D + +

12 S S - S + +
13 - S D D + _b
17 - - - D + +
18 - - S S + -b
19 - S - S + +
22 - S - S + +
23 S S S/D D + +

Slow/low group 3
5 S S S D + +

15 D D D D + +
16 S S D D + +
21 - S - S + +

Rapid/high
24 S S S S + +
25 S Small S S Small S + +
26 S S S S + +
29 S/D S/D S/D S/D + +
30 S S S S + +
31 S S S S + +

a S, Syncytia; D, cell death, consisting of pyknosis and degradation of
individual cells; -, no effect. CPE, Cytopathic effect.

b Viruses could be transmitted to Jurkat-tat,,, (J-tatlII) cells by cocultiva-
tion with RT-positive PBMC.

formation alone or syncytium formation combined with
degradation of individual cells-varied with the virus isolate
used. Similarly, Tersmette et al. (19) have observed differ-
ential syncytium-inducing capacity of HIV isolates propa-
gated in PBMC. Syncytium-inducing isolates were fre-
quently derived from patients with AIDS or with other signs
of severe immunodeficiency, had a higher infectivity, and
replicated in the H9 cell line. In this communication, such
viruses are designated rapid/high. The non-syncytium-in-
ducing variants found by Tersmette et al. (19) may corre-
spond to some of our slow/low viruses. It must be noted,
however, that the Jurkat-tatIII cells (a cell line not used by
Tersmette et al. [19]) seem to be more sensitive to the
cytopathic effect of HIV than PBMC are (Table 3). Several
of our slow/low viruses form syncytia in Jurkat-tatIII cells
but not in PBMC.
The difference between slow/low and rapid/high viruses

may reside in their capacity to generate infectious virus
particles. Accordingly, slow/low viruses may contain 10- to
1,000-fold less infectious virus on the basis of equal particle
numbers. Poorly infectious virus particles are generated by
deletion mutations in the sor gene (8, 17). It is therefore
conceivable that some of our HIV isolates represent variants
in sor. Molecular cloning in conjunction with infectivity
assays may enable us to localize the determinants for effi-
cient viral replication.

It is also possible that slow/low and rapid/high viruses
differ in target cell tropism. For HIV isolates derived from
brain tissue, a monocyte tropism has been demonstrated (11,
14), whereas isolates derived from PBMC cultures regularly
showed T-lymphocyte tropism. Accordingly, rapid/high vi-
ruses in our material may be lymphotropic, whereas slow/
low viruses may preferentially replicate in monocytes. The
presence of monocytes in PBMC cultures would allow these
viruses to replicate to some extent.

Rapid/high viruses were all obtained from patients show-
ing a severe immunodeficiency, reflected by low CD4 cell
counts (<250 x 106/liter) (Table 1). None of the subjects
with CD4 cell counts above this value yielded rapid/high
virus. Recently, Cheng-Mayer et al. (5) found that a few
individuals harbored HIV variants that had higher replica-
tion potential and were more cytopathic in vitro as the
disease progressed. Since HIV isolates with increased rep-
licative capacity in T cells are regularly isolated from pa-
tients with severe immunodeficiency, it is likely that variant
viruses will be selected in HIV-infected patients over time.
Whether these variant viruses are indeed more virulent and
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FIG. 4. Cytopathic effect in unstained Jurkat-tatlII cells. (A) Cells infected with virus isolate 24 show syncytium formation. (B) Cells
infected with virus isolate 15 show pyknosis and degradation of individual cells.
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cause disease progression or whether the severe immunode-
ficiency in the host allows the replication of such viruses, is
presently unclear. To better understand the pathogenesis of
HIV, we are carrying out longitudinal studies with patients
progressing from the asymptomatic stage to severe immuno-
deficiency.
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